The synthesis and spectroscopic investigation of aza-crown ethers with anthraquinone-and 1-aminoanthraquinone-functionalized side chains are described. Cation-induced shifts in the UV/VIS absorption spectra of the ligands dissolved in propylene carbonate are observed only for Li+ among the alkali metal ions and for Mg2+ among the alkaline earth metal ions as well as for Ag+ and T1+. Only hypsochromic shifts of the absorption spectra of anthraquinone-bearing aza-crown ethers are observed on protonation. The variations of the extinction coefficients are discussed with respect to the sequence of protonation of the different amino groups.
The synthesis and spectroscopic investigation of aza-crown ethers with anthraquinone-and 1-aminoanthraquinone-functionalized side chains are described. Cation-induced shifts in the UV/VIS absorption spectra of the ligands dissolved in propylene carbonate are observed only for Li+ among the alkali metal ions and for Mg2+ among the alkaline earth metal ions as well as for Ag+ and T1+. Only hypsochromic shifts of the absorption spectra of anthraquinone-bearing aza-crown ethers are observed on protonation. The variations of the extinction coefficients are discussed with respect to the sequence of protonation of the different amino groups.
The binding properties of macrocyclic polyethers are markedly altered when additional groups are attached as pendant arms to a macromolecular ring ',*) . When quinone 3), anthraquinone4x5), nitr~benzene~,'), or other electrochemically active groupss- '') are bound to a crown ether, its cation-binding property is enhanced under electrochemically reducing conditions, because radical species are formed. The group of redox-active macrocycles has been studied in membrane transport experiments as electrochemically switchable i o n~p h o r e s~~"~'~) .
Our attention is focused on aza-crown ethers with anthraquinone and 1-aminoanthraquinone as pending arms, because these quinones play an important role in biological systems and as antitumor agents14-16).
We have investigated aza-crown ethers containing side chains and their metal ion complexes, because N-pivot-substituted crown ethers generally display a stronger tendency toward cation binding than the C-pivot-substituted analogs6'. In this paper we report on the syntheses and electrochemical properties of several branched monoaza-18-
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crown-6 and l,lO-diaza-l8-crown-6 compounds. The structures and acronyms are shown in Scheme 1.
Results and Discussions
Syntheses of Ligands: The ligand 1,4,7,10,13-pentaoxa-16-azacyclootadecane or monoaza-18-crown-6, A18C6, has been prepared according to the method proposed by Maeda et al. ") ; 1,4,10,13-tetraoxa-7,16-diazacyclooctadecane or diaza-18-crown-6, A21 8C6, is commercially available (Merck). The preparation of 1-[(2-bromoethyl)amino]anthraquinone (AQNetBr) is illustrated in Scheme 2.1-Fluoroanthraquinone has been obtained in 57% yield'*). Treatment of this compound with 2-hydroxyethylamin affords 1-[(2-hydroxyethyl)amino]anthraquinone in 100% yield which is brominated with HBr in acetic acid to furnish in 90% yield AQNetBr as a red powder. Previously, ethyl methyl ketone has been used as medium for the reaction of aza-crown ethers with the brominated anthraquin~ne'~,~~), but we have achieved an increase in yield by more than 50% by performing the reaction in toluene at 140°C . The products are purified by column chromatography with aluminum oxide or by flash chromatography with silica gel. The compounds (AQNet)A18C6, (AQNet)A218C6, (AQNet)2A218C6, or (AQme)2A21 8C6 have been prepared from AQNetBr or AQNmeBr, respectively, as well as the corresponding crown ethers. Electronic Spectra of i-Aminoanthraquinone (AQN) Derivatives: The spectrum of AQN consists in the visible region of a x -+ TC* absorption band due to intramolecular electron transfer from the substituted amino group to the AQ nucleus. When the electron-donating character of a substituent at C-1 of the anthraquinone increases, the absorption maximum is shifted to longer wavelength^^'-^^). Table 1 shows the results for AQN and its substituted compounds studied in propylene carbonate (PC). The differences in the azacrown ethers exert no influence on the peak wavelength position, because the intramolecular bonding between the hydrogen atom of the amino group and the adjacent carbony1 group of the quinone is unaffected (Scheme 3). 
M.
Metal Zon Complexes: When alkali metal and alkaline earth metal perchlorates are added to a solution of (AQNet)AlSC6 in PC, only LiC104 and Mg(C104)2 produce substantial shifts of the absorption band. Also for AgC104 and T1C104 shifts of comparable magnitude are found causing a reduction in the molar extinction coefficients ( Table  2 ). The cation-induced hypsochromic changes in the band position are shown in Figure 1 . In order to discuss the results in more detail, one should know the binding strength of cations in the crown ether rings. Since stability constants for complexes of A18C6 with a alkali and alkaline earth cations are known in PCZ4) and should not differ substantially from stability constants of corresponding (AQNet)-A18C6 complexes, it is possibIe to estimate the percentage of complexed (AQNet)A18C6 in 5 . lop5 M ligand solutions with a hundredfold excess of metal salt. Since the stability constants of the complexes are large the cations listed in Table 2 are binding more than 98% of (AQNet)A18C6 in solution. Although the stability constant of the complex of T. Ossowski, H. Schneider A18C6 with T1+ in PC is not available, a comparison with A218C6 [or (2,2)] 25) suggests that T1+ complexes effectively all available (AQNet)AlSC6 molecules. Therefore, the maximum wavelength h,,, and the molar extinction coefficent E in Table 1 are properties of the metal ion complexes with (AQNet)Al8C6. Bearing in mind the experimental error of f 2 nm in La, and k0.007 in lg E, only Li+, M$+, Ag+, and T1+ interact to a measurable extent with the chromophoric group. Since Li+ and Mg2+ do not fill the cavity of the ring and interact only with the ether oxygen atoms, the conformational flexibility of the amino group in the ring is hardly reduced. Therefore, a position of the chromophore near the ring is possible, and the cations influence the hydrogen bond between the carbonyl group of the quinone and the hydrogen atom of the adjacent amino group (Scheme 3). The silver and the thallous ion are tightly held in the aza-crown ring, in the case of Ag+ by a strong interaction with the nitrogen atom. Hence, the nitrogen lone pair points to the metal ion in the ring, and the AQN group is located externally. The observed hypsochromic shifts of the absorption bands in Table 2 are opposite to the variation of A, , , in Table 1 with increasing electronegativity of the substituents. The influences exerted by cations on the absorption spectra of (AQNet)A218C6 and (AQNet)*A2l8C6 are very similar to those found for (AQNet)Al8C6. In the solutions studied nearly all ligand molecules are complexed by cations. The strongest hypsochromic shifts are observed with Mg2+, Ag+, and T1+ ( Table 2 ). The absorption spectrum of (AQme)2A218C6 consists of at least three x + x* bands which are shifted only by the interaction of AgC104 ( Figure  2 ). All other salts listed in Table 2 have an only negligible effect on the peak positions of the absorption bands of (AQme),A,l 8C6.
Protonation of the I-Aminoanthraquinone Group: The addition of trifluoromethanesulfonic acid2@ to PC solutions of (AQNet)2A21 8C6 causes a hypsochromic shift in the visible absorption spectra. In the corresponding spectra of the sub- stituted crown ethers the intensity of the band at 510 nm decreases with increasing acid concentration, and a new band at 482 nm appears. An isosbestic point is observed at 494 nm ( Figure 3 ). The molar extinction coefficient determined at the wavelength of the new band increases with increasing ratio of the acid-to-ligand concentration and passes through a maximum value at a concentration ratio equal to one for the monoaza-crown ligand and at a ratio equal to two for the diaza-crown compounds (Figures 4a,  b, c) . The new band at 482 nm and the increase of its extinction &482 is correlated with the protonation of nitrogen in the aza-crown ring. The results for (AQNet)A218C6 allow a distinction to be made between the protonation of the various nitrogen atoms (Figure 4b ). In a first step, the secondary ring nitrogen atom is protonated, and the molar extinction coefficient of the ligand remains constant until the less basic tertiary nitrogen with the AQNet group is protonated. The extinction coefficient E~',,, determined at 510 nm, the wavelength of the original absorption band, changes with the acid concentration in the same way as E~~~.
Only ~5 1 0 of (AQNet)Al8C6 decreases smoothly with increasing acid concentration. When the nitrogen atoms of the crown moiety are protonated and the acid concentration is continuously increased, the preceding increase in the absorbance at 482 nm changes to decrease (Figure 4a, b, c) , and the absorption curves cease to pass through the isosbestic point (Figure 3) . A new band with a wave-like peak also appears at 482 nm which belongs to the protonated amino group of the aminoanthraquinone side chain.
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Experimental
Materials: 1,lO-Diaza-I 8-crown-6 (A21 8C6), a commercial sample (Merck), was used without further purification. Monoaza-I 8-crown-6 (A18C6) was prepared according to the methods described in the literature17). l-Amino-9,10-anthracenedione (Merck), 9,lOanthracenedione (Fluka), 2-(bromomethyl)-9,10-anthriicenedione (AQmeBr) (Fluka), 2-aminoethanol (Merck), propylene carbonate (PC) (Merck), trifluoromethanesulfonic acid (Merck) were reagent grade chemicals and sufficicntly purc to be used directly.
Instrumentation: UV-VIS:
Shimadzu UV-240 spectrophotometer equipped with a cell compartment thermostated at 25.00 & 0.02"C. Spectroscopic titrations were performed by adding a solution of trifluoromethanesulfonic acid directly to a solution of the anthraquinone compounds contained in a I-cm cuvette (3.8 ml), using a Hamilton syringe (5 pl). -'H NMR: Bruker HFX-90 spectrometer, tetraniethylsilane (TMS) as internal reference. -Microanalyses: Mikroanalytisches Laboratorium Beller, Gottingen.
1-[ (2-Hydroxyethyl)amino]-9,10-anthracenedione (Scheme 2): 2.6 g (11.5 mmol) of l-fluoro-9,10-anthraccncdione8~ and 10 ml of 2-aminoethanol were heated to 70°C for 15 min. During heating, the solution changed its color from yellow to red. The hot solution was poured on ice (25 g), the red precipitate separated by filtration, washed with water, and dried at room temperature. 3.6 g of 1-[(2-hydroxyethyl)amino]-9,10-anthracenedione (yield ca. 100%) was obtained as a red powder. The crude product was purified by recrystallization from ethanol or by column chromatography on silica gel with acetyl acetate/toluene (1 : 4) as eluent. -'H NMR (CDCIJ: 6 = 2.11 (s, IH); 3.55 (q, 2H); 3.98 (t, 2H); 7.19 (m, 2H); 7.25 (m, 3H); 8.22 (m, 2H) ; 9.86 (s, 1 H).
1-[ (2-Bromoelhyl)amino]-9,10-unthrucenedione: 3.1 1 g of crude 1-[(2-hydroxyethyl)amino]-9,10-anthracenedione was dissolved in 50 ml of solution of HBr in acetic acid (33% w). The solution was heated to 80-110°C in a closed capsule for 2-4 h. The progress in the reaction was controlled by TLC (silica1 gel, eluent pyridine/ ethyl acetateJtoluene 1.6:3: 17) . The black solution was poured on ice (ca. 300 g) and neutralized with aqueous ammonia (25%) to pH = 7. The precipitate thus formed was washed with cold water and dried in the air. The crude product (3.4 g, 90%) was purified by crystallization from ethanol or by column chromatography on aluminum oxide with toluene/THF (1 : 1). 9,iO-dihydro-9,lO-dioxo-2-anthrucenylmethyl)-l,4,lO,l3 tetraoxa-7,16-diazacyclooctadecane [(AQme)?A21 8C161: A suspension of A218C6 (0.10 g, 0.38 mmol) and Na2C03 (0.40 g, 3.77 mmol) in freshly destilled acetonitrile (50 ml) was heated at reflux, and a solution of 2-(bromomethyl)-9,1O-anthracenedione (AQmeBr) (0.23 g, 0.76 mmol) in 25 ml of acetonitrile was added dropwise with effcient stirring. The mixture was heated at reflux for a further 10 h. After cooling to room temp., the insoluble solid was separated by filtration and the filtratc concentrated. The residual crude oil was recrystallized twice from CH2C12/petroleum ether to give (AQme)2A218C6 as a white-yellow crystalline solid (0.13 g, 60%). 
